Abstract. A 10L scale MFC coupled A2/O system was built, with the anaerobic tank as anode chamber to remove carbon and the anoxic tank as cathode chamber to denitrify. This coupled system could achieve max output current after 30 days. During the study phase, the hydraulic retention time (HRT) was optimized to improve wastewater treatment efficiency and power generation. The results showed that the coupled system could obtain best pollutants removal effect when HRT=16h. Compared with control reactor, concentrations of COD and TN in the effluent of the coupled system could be reduced by 14.6% and 10.1%. And the power density (external resistance = 100Ω) of the coupled system was 612mW/m3 in the meantime. Correspondingly, the optimum HRT when the coupled system achieved highest power generation was 12h, and the max power density was 808mW/m3.
Introduction
Microbial fuel cell (MFC) is an emerging wastewater treatment technology that converts the chemical energy contained in organic matter from wastewater into electrical energy. It's a research hotspot in environmental and new energy fields in recent years [3] . Research suggested that microorganisms can also act as catalysts and use cathodic electrodes as an organic electron donor for metabolic activity [4] . Because of the reduced use of chemical catalysts, the bio-cathode of MFC is more conform the concept of sustainable development. The current theory and technology of MFC with oxygen as the electron acceptor have been well developed [7, 8] . When study the bio-cathode found that a variety of substances can be used as the cathode of the electron acceptors, different cathode electron acceptors can make the MFC have different functions except power generation. Such as removed the nitrate [6] , perchlorate [2] and heavy metals [1] in the cathode.
Xie et al [5] built the MFC system by embedding anode in anaerobic tank and implanting the anode in anoxic tank. Compared with the control, COD, TN and TP decreased by 15.9%, 9.3% and 1.4% respectively, but the coulomb efficiency(CE) was only 9.4%, resistance up to 6000Ω. That's indicated that the need to further optimize to the configuration. Wang et al [10] designed a reflow-type and membrane-free bio-cathode MFC denitrification process by adjusting the reactor configuration without the use of proton exchange membranes based on the conventional A2/O process. It indicated the removal efficiency of nitrogen increased by 8.17% than that of reference A2/O system. In our research group, Fu et al [9] also designed a MFC-A2/O coupling process using acetate as the carbon source and ammonium chloride as the nitrogen source.
In this experiment, the electrode configuration was adjusted on the basis of previous MFC-A2/O coupling system, the mixing device was omitted and the HRT of the process parameters was optimized to studied the effect of treatment on domestic sewage and electricity generation performance, and a blank reactor was set up as a control. It is proposed to provide a theoretical basis for MFC-A2/O coupling technology to treat the actual wastewater.
Materials and Methods

Experimental Device
The main unit A2/O reactor of the experimental device was made of plexiglass. The dimension was L × W × H = 45cm×20cm×12cm, and the total effective volume was 10L. The effective volume of the anaerobic and anoxic sections was 2L, and the effective volume of the aerobic section was 6L. Adding a sealed lid to ensure low dissolved oxygen(DO) state in the top of anaerobic and anoxic section, and DO kept 0.2mg/L in anaerobic zone and kept less than 0.5mg/L in anoxic zone, aerobic segment allowed sufficient aeration to keep DO greater than 2mg/L. Electrode configuration was placed with two 5cm diameter 12cm length carbon fiber brush in parallel, the anode placed in the anaerobe and the cathode placed in the hypoxia, and connect 100Ω external resistance and data acquisition card.
Operation Method
The inoculated sludge was taken from the mixed sludge of Qinghe Sewage Treatment Plant in Beijing and was mulched for 15 days by adding to carbon source. The experimental water was the domestic sewage of No.6 dormitory in Beijing University of Chemical Technology. After the sedimentation, the water quality was adjusted to pH 7-8, COD 450-650mg/L, ammonia nitrogen 100-130mg/L and nitric nitrogen 8-15 mg/L, nitrite nitrogen 0-0.02 mg/L. Replacement of the inlet water when the MFC output current dropped, when the maximum output current of three consecutive cycles was no longer increased and remained stable, which proved successful start, and began to use continuous water. The initial operating parameters for the reactor start-up period were that HRT was 24h and the internal reflux ratio was 100%.
In order to compare the effluent treatment efficiency of the MFC-A2/O coupling system, a parallel control group was established, and next referred to as MFC and control. The basic structure, water quality and operation parameters of control were same with the MFC, but no carbon brush electrode and add magnetic stirrer to provide adequate agitation in the anaerobic and hypoxic sections and make the sludge maintain suspended state(Figure1). The HRT was optimized after the MFC was started. The HRT was controlled by adjusting the speed of the inlet pump, and the HRT were changed to 24h, 20h, 16h, 12h and 8h respectively. The reactor was run for 15 days under every HRT, the effluent quality was measured and compared with the control, the output current of the MFC was measured simultaneously.
Results and Discussion
Effect of Hydraulic Retention Time on COD
The effluent COD concentration changes shown in Figure 2 . The COD concentration fluctuated between 450 and 650mg/L. The effluent COD was stable between 52 and 68mg/L at HRT was 12hours. That was because that the sludge had longer residence time at the anaerobic segment and the organic matter in the sewage can be fully oxidative decomposition in the long HRT. When the HRT changed from 24h to 20h, the COD removal rate of MFC was not changed, and it remained at 89-91%. 
Effect of Hydraulic Retention Time on Denitrification
The Effect of Different HRT on Ammonia Nitrogen Removal. The effect of NH4-N removal under different HRT conditions was shown in Fig 3. The ammonia nitrogen removal rate can reach 89.5% even though the influent NH3-N concentration was high (100-130mg / L) when the HRT was 12h, which indicated that the retention time of sewage in the aerobic stage was sufficient and the nitrification was complete. With the decrease of HRT, the concentration of NH3-N in effluent increased gradually, but the removal rate of NH3-N was above 80%. Figure 4 showed that the concentration of nitrate in MFC effluent was always lower than the control. When the HRT was too long (24h), the nitrification was complete, but the return was small. Some of the nitrification was discharged with the effluent, which made the concentration of nitrate nitrogen in the effluent water to be 23 and 26 mg/L. Appropriate shortening of HRT can increase the amount of backflow, more fully denitrification, reducing the nitrate nitrogen. 
Effects of Different HRT on the Removal Efficiency of Nitrgen and Nitrite.
HRT on the Impact of Electricity Production
The polarization curves and power density curves of each HRT corresponding to MFC are shown in Figure5. The output power density increased significantly from 388.09 mW/m3 to 453, 612, 808 and 571 mW/m3 respectively when the HRT was reduced from 24h to 12h, and the maximum output power density increased from 388.09 mW/m3. HRT reduced made the organic load increased correspondingly, which lead to more decomposition of organic matter involved in the process of MFC power generation, and to promoted the biomass to energy conversion. 
Conclusion
(1) Based on the traditional A2/O reactor, the MFC-A2/O coupling system was successfully constructed by using the anaerobic section as the anode chamber and the anoxic section as the cathode chamber. The maximum power production achieved after 30 days. At this time the corresponding battery resistance was about 162.8Ω, the maximum power density was about 388.1mW/m3.
(2) HRT can significantly affect the MFC-A2/O coupling system on the removal of organic matter in sewage and denitrification performance. In the long HRT, the coupling system and the traditional A2/O process had similar effect. The carbon brush can replace the use of agitators intraditional A2/O process and thus save energy. With the shortening of HRT, both COD and TN concentration in effluent increased. The increase of coupling system was smaller than that of traditional A2 / O process because carbon brush had the effect of sludge retention and buffer pollution load. the coupling system can get the best water effect when HRT was 16 hours.
(3) The power performance of MFC increased with the decrease of HRT because the fast mass production rate when HRT greater than 12h. However, when the HRT was too short, the output current become small and unstable.
